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changed from the original Japanese Patent Application submitted by the applicant to 
accommodate machine translation.] 

(54) [Title of the Invention] 

Positive electrode active material for lithium secondary battery and manufacturing 
method of same, positive electrode for lithium secondary battery made of the positive electrode 
active material and manufacturing method of same, and lithium secondary battery made of the 
positive electrode and manufacturing method of same 

(57) (Abstract] 

[Purpose] The purpose of the present invention is to produce a positive electrode active 
material with a reinforced crystal structure of lithium-nickel composite oxide so as to produce a 
positive electrode for lithium secondary battery and a lithium secondary battery with improved 
cycle characteristics and load characteristics. 

[Means of solution] The positive electrode active material for lithium secondary battery of the 
present invention is provided with a lithium-nickel-manganese composite oxide or lithium- 
nickel-manganese-M composite oxide shown in structural formula Li a Mn b McNii_( b + C )02 
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(Wherein, M is at least one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, 
Ga 5 Ca, Mg, Sr, and Ti, and at the same time, 0<a<l .2, 0.05<b<0.45, 0<c<0.45 and 0.5<1- 
(b+c)<0.95) and having the half-band width of the peak observed at 29=18.71±0.25 degrees is in 
the range of 0.15 degrees to 0.22 degrees when a measurement is performed by powder X-ray 
analysis where the Cu-Ka beam is used as the X-ray source. 
[Claim of the invention] 

[Claim 1] A positive electrode active material for lithium secondary battery containing a 
material capable of electrochemically storing and releasing lithium as a positive electrode active 
material, which positive electrode active material for lithium secondary battery is characterized 
by the fact that a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M 
composite oxide shown in structural formula Li a MnbM c Nii_(b+ C )02 (Wherein, M is at least one 
element selected from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti, and 
at the same time, 0<a<1.2, 0.05<b<0.45, 0<c<0.45 and 0.5<l-(b+c)<0.95) and having the half- 
band width of the peak observed at 29=18.71±0.25 degrees is in the range of 0.15 degrees to 0.22 
degrees when measurement is performed by powder X-ray analysis where the Cu-Ka beam is 
used as the X-ray source. 

[Claim 2] A positive electrode active material for lithium secondary battery containing a 
material capable of electrochemically storing and releasing lithium as a positive electrode active 
material, which positive electrode active material for lithium secondary battery is characterized 
by the fact that a lithium-nickel-manganese-M composite oxide shown in structural formula 
Li a MnbM c Ni].(b+ C )02 (Wherein, M is at least one element selected from the group consisting of B, 
Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti, and at the same time, 0<a<1.2, 0.05<b<0.45, 
0.05<c<0.40 and 0.5<l-(b+c)<0.95) and having the half-band width of the peak observed at 
20=18. 71±0.25 degrees is in the range of 0.15 degrees to 0.22 degrees when measurement is 
performed by the powder X-ray analysis where the Cu-Ka beam is used as the X-ray source. 
[Claim 3] The positive electrode active material for lithium secondary battery described in 
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claim 1 or claim 2, in which the M in the aforementioned structural formula is Al. 
[Claim 4] The positive electrode active material for lithium secondary battery described in 
one of claim 1 to claim 3, in which the aforementioned lithium-nickel-manganese composite 
oxide or lithium-nickel-manganese-M composite oxide having the ratio of the intensity of the 
peak observed at 29=18. 71±0.25 degrees (II) and the intensity of the peak observed at 
26=44. 54±0.25 degrees (12), 11/12, upon measurement by the aforementioned powder X-ray 
analysis of at least 0.8 is used selectively. 

[Claim 5] A method of manufacturing a positive electrode active material for lithium 
secondary battery having a material capable of electrochemically storing and releasing lithium as 
a positive electrode active material, which method of manufacturing a positive electrode active 
material for lithium secondary batteries is characterized by the fact that a substitution process 
where a portion of the nickel atoms of the lithium-nickel composite oxide are uniformly replaced 
with Mn or a portion of the nickel atoms are uniformly replaced with Mn and M (Wherein, M is 
at least one element selected from the group of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is 
included, and at the same time, a lithium-nickel-manganese composite oxide or lithium-nickel- 
manganese-M composite oxide shown in the structural formula Li a MnbM c Nii.(b+ C )02 (Wherein, 
M is the above-mentioned element, and at the same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 
and 0.5<l-(b+c)<0.95) and having the half-band width of the peak observed at 29=18.71±0.25 
degrees in the range of 0.15 degrees to 0.22 degrees when a measurement is performed by the 
powder X-ray analysis where the Cu-Ka beam is used as the X-ray source. 
[Claim 6] A method of manufacturing a positive electrode active material for lithium 
secondary battery having a material capable of electrochemically storing and releasing lithium as 
a positive electrode active material, which method of manufacturing a positive electrode active 
material for lithium secondary battery is characterized by the fact that the substitution process 
where a portion of the nickel atoms of lithium-nickel composite oxide are uniformly replaced 
with Mn and M (Wherein, M is at least one element selected from the group consisting of B, Al, 
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Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is included, and at the same time, a lithium-nickel- 
manganese composite oxide or lithium-nickel-manganese-M composite oxide shown in structural 
formula Li a MnbM c Nii.(b+ C )02 (Wherein, M is the above-mentioned element, and at the same time, 
0<a<1.2, 0.05<b<0.45, 0.05<c<0.40 and 0.5<l-(b+c)<0.95) and having the half-band width of 
the peak observed at 20=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when a 
measurement is performed by the powder X-ray analysis where the Cu-Ka beam is used as the X- 
ray source. 

[Claim 7] The method of manufacturing a positive electrode active material for lithium 
secondary battery described in claim 5 or claim 6 characterized by the fact that a coprecipitation 
process in which the pH of the mixed solution of a solution with a dissolved nickel compound 
and a solution with a dissolved manganese compound or a mixed solution of a dissolved nickel 
compound, a dissolved manganese compound, and a dissolved M compound (Wherein, M is at 
least one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and 
Ti) is changed in the aforementioned substitution process so as to precipitate a composite 
hydroxide, is included. 

[Claim 8] The method of manufacturing a positive electrode active material for lithium 
secondary battery described in claim 5 or claim 6 characterized by the fact that an evaporation 
drying process, in which evaporation drying is performed for the 

mixed solution of a solution with a dissolved nickel compound and a solution with a dissolved 
manganese compound or a mixed solution of a dissolved nickel compound, a dissolved 
manganese compound and a dissolved M compound (wherein, M is at least one element selected 
from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) in the aforementioned 
substitution process so as to produce a composite raw material comprising fine particles of each 
of the aforementioned compounds, is included. 

[Claim 9] The method of manufacturing a positive electrode active material for lithium 
secondary battery described in claim 7 or claim 8, in which a heat-treatment process where a 
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mixture comprising the aforementioned coprecipitated composite hydroxide or the composite 
raw material made of the aforementioned dried fine particles and a lithium compound under an 
oxygen atmosphere to form a composite oxide, and a pulverization process where pulverization 
is performed for the aforementioned composite oxide to produce a powder are provided after the 
aforementioned coprecipitation process or before the aforementioned evaporation drying process. 
[Claim 10] The manufacturing method of the positive electrode active material for lithium 
secondary battery described in one of claim 5 to claim 9 in which M in the aforementioned 
structural formula is Al. 

[Claim 11] The method of manufacturing a positive electrode active material for lithium 
secondary battery described in one of claim 5 to claim 10, in which the aforementioned lithium- 
nickel-manganese composite oxide or lithium-nickel-manganese-M composite oxide having the 

ratio of the intensity of the peak observed at 20=18. 71±0.25 degrees (II) and the intensity of the 

( 

peak observed at 20=44.54±O.25 degrees (12), 11/12, upon measuring by the aforementioned 
powder X-ray analysis of at least 0.8 is produced. 

[Claim 12] In a positive electrode for lithium secondary battery containing a positive 
electrode active material capable of electrochemically storing and releasing lithium, a carbon 
material, and a binder, a positive electrode for lithium secondary battery characterized by the fact 
that a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M composite 
oxide shown in structural formula Li a MnbM c Nii_( b + C )02 (Wherein, M is the above-mentioned 
element, and at the same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 and 0.5<l-(b+c)<0.95) and 
having the half-band width of the peak observed at 20=18. 71±0.25 degrees in the range of 0.15 
degrees to 0.22 degrees when measurement is performed by powder X-ray analysis where the Cu- 
Ka beam is used as the X-ray source, is used as the aforementioned positive electrode active 
material, and at least a carbon material and a binder are mixed with the above-mentioned positive 
electrode active material. 

[Claim 13] In a positive electrode for lithium secondary battery containing a positive 
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electrode active material capable of electrochemically storing and releasing lithium, a carbon 
material and a binder, a positive electrode for lithium secondary battery characterized by the fact 
that a lithium-nickel -manganese-M composite oxide shown in structural formula Li a MnbM c Nii_ 
(b+c)02 (Wherein, M is the above-mentioned element, and at the same time, 0<a<1.2, 
0.05<b<0.45, 0.05<c<0.45 and 0.5<l-(b+c)<0.95) and having the half-band width of the peak 
observed at 20=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when a 
measurement is performed by powder X-ray analysis where the Cu-Ka beam is used as the X-ray 
source, is used as the aforementioned positive electrode active material, and at least a carbon 
material and a binder are mixed with the above-mentioned positive electrode active material. 
[Claim 14] The positive electrode for lithium secondary battery described in claim 12 or 
claim 13 in which the M in the aforementioned structural formula is Al. 

[Claim 15] The positive electrode for lithium secondary battery described in one of claim 12 
to claim 14, in which the aforementioned lithium-nickel -manganese composite oxide or lithium- 
nickel-manganese-M composite oxide having the ratio of the intensity of the peak observed at 
29=18.71±0.25 degrees (II) and the intensity of the peak observed at 29=44.54±0.25 degrees 
(12), 11/12, upon measuring by the aforementioned powder X-ray analysis of at least 0.8 is used 
selectively. 

[Claim 16] A method of manufacturing a positive electrode for lithium secondary battery 
consisting of depositing a slurry comprised of at least a positive electrode active material capable 
of electrochemically storing and releasing lithium, a carbon material and a binder onto a current 
collector, which method of manufacturing a positive electrode for lithium secondary battery is 
characterized by the fact that a substitution process where a portion of the nickel atoms of 
lithium-nickel composite oxide are uniformly replaced with Mn or a portion of the nickel atoms 
are uniformly replaced with Mn and M (Wherein, M is at least one element selected from the 
group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is included so as to produce a 
lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M composite oxide 
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shown in structural formula Li a Mn b McNi]^b+c)02 (Wherein, M is the above-mentioned element, 
and at the same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 and 0.5<l-(b+c)<0.95) and having the 
half-band width of the peak observed at 26=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 
0.22 degrees when a measurement is performed by the powder X-ray analysis where the Cu-Ka 
beam is used as the X-ray source and used as a positive electrode active material; then, at least a 
carbon material and a binder are mixed with the above-mentioned positive electrode active 
material to form a slurry, and the aforementioned slurry is deposited onto a current collector. 
[Claim 17] A manufacturing method of a positive electrode for lithium secondary battery 
consisting of depositing a slurry comprising at least a positive electrode active material capable 
of electrochemically storing and releasing lithium, a carbon material, and a binder onto a current 
collector, which method of manufacturing a positive electrode for lithium secondary battery is 
characterized by the fact that a substitution process where a portion of the nickel atoms of the 
lithium-nickel composite oxide are uniformly replaced with Mn and M (Wherein, M is at least 
one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) 
is included so as to produce a lithium-nickel-manganese-M composite oxide shown in the 
structural formula Li a MnbM c Nii^b+c)02 (Wherein, M is the above-mentioned element, and at the 
same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.40 and 0.5<l-(b+c)<0.95) and having the half-band 
width of the peak observed at 20=18. 71±0.25 degrees in the range of 0.15 degrees to 0.22 
degrees when measurement is performed by the powder X-ray analysis where the Cu-Ka beam is 
used as the X-ray source, and it is used as a positive electrode active material; then, at least a 
carbon material and a binder are mixed with the above-mentioned positive electrode active 
material to form a slurry, and the aforementioned slurry is deposited onto a current collector. 
[Claim 1 8] The method of manufacturing positive electrode for lithium secondary battery 
described in claim 17 or claim 18 characterized by the fact that the coprecipitation process, in 
which the pH of the mixed solution consisting of a solution with a dissolved nickel compound 
and a solution with a dissolved manganese compound or a mixed solution of a solution with a 
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dissolved nickel compound, a solution with a dissolved manganese compound and a solution 
with a dissolved M compound (Wherein, M is at least one element selected from the group 
consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is changed in the aforementioned 
substitution process so as to precipitate a composite hydroxide, is included. 
[Claim 19] The method of manufacturing a positive electrode for lithium secondary battery 
described in claim 17 or claim 1 8 characterized by the fact that the evaporation drying process, in 
which evaporation drying is performed for the mixed solution of a solution with a dissolved 
nickel compound and a solution with a dissolved manganese compound or a mixed solution of a 
solution with a dissolved nickel compound, a solution with a dissolved manganese compound, 
and a solution with a dissolved M compound (Wherein, M is at least one element selected from 
the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) in the aforementioned 
substitution process so as to produce a composite raw material comprising fine particles of each 
of the aforementioned compounds, is included. 

[Claim 20] The method of manufacturing the positive electrode for lithium secondary battery 
described in claim 18 or claim 19, in which a heat-treatment process where a mixture comprising 
the aforementioned coprecipitated composite hydroxide or the composite raw material made of 
the aforementioned dried fine particles and a lithium compound under an oxygen atmosphere to 
form a composite oxide, and a pulverization process where pulverization is performed for the 
aforementioned composite oxide is performed to produce a powder are provided after the 
aforementioned coprecipitation process or before the aforementioned evaporation drying process. 
[Claim 2 1 ] The method of manufacturing the positive electrode for lithium secondary battery 
described in one of claim 1 6 to claim 20, in which the M in the aforementioned structural 
formula is Al. 

[Claim 22] The method of manufacturing the positive electrode for lithium secondary battery 
described in one of claim 16 to claim 22, in which the aforementioned lithium-nickel-manganese 
composite oxide or lithium-nickel-manganese-M composite oxide having the ratio of the 
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intensity of the peak observed at 20=1 8.7 1±0.25 degrees (II) and the intensity of the peak 
observed at 20=44.54±O.25 degrees (12), 11/12, upon measuring by the aforementioned powder X- 
ray analysis of at least 0.8 is formed and used as the aforementioned positive electrode active 
material. 

[Claim 23] In a lithium secondary battery provided with a positive electrode having at least a 
positive electrode active material capable of electrochemically storing and releasing lithium, a 
carbon material, and a binder, a negative electrode capable of electrochemically storing and 
releasing lithium metal, lithium alloy or lithium ion, a separator that isolates the above- 
mentioned two electrodes and a nonaqueous solution, a lithium secondary battery characterized 
by the fact that a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M 
composite oxide shown in structural formula Li a Mn b M c Ni].(b+c)02 (Wherein, M is the above- 
mentioned element, and at the same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 and 0.5<1- 
(b+c)<0.95) and having the half-band width of the peak observed at 20=1 8.7 1±0.25 degrees in 
the range of 0.15 degrees to 0.22 degrees when a measurement is performed by the powder X-ray 
analysis where the Cu-Ka beam is used as the X-ray source, and it is used as the aforementioned 
positive electrode active material, and the lithium secondary battery is provided with a positive 
electrode produced by mixing the above-mentioned positive electrode active material with at 
least a carbon material and a binder, a negative electrode capable of electrochemically storing 
and releasing lithium metal, lithium alloy or lithium ion, a separator that isolates the above- 
mentioned two electrodes and a nonaqueous solution. 

[Claim 24] In a lithium secondary battery provided with a positive electrode having at least a 
positive electrode active material capable of electrochemically storing and releasing lithium, a 
carbon material, and a binder, a negative electrode capable of electrochemically storing and 
releasing lithium metal, lithium alloy, or lithium ion, a separator that isolates the above- 
mentioned two electrodes and a nonaqueous solution, a lithium secondary battery characterized 
by the fact that a lithium-nickel-manganese-M composite oxide shown in structural formula 
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Li a MnbM c Nii-(b+ C )02 (Wherein, M is the above-mentioned element, and at the same time, 
0<a<1.2, 0.05<b<0.45, 0.05<c<0.40 and 0.5<l-(b+c)<0.95) and having the half-band width of 
the peak observed at 29=18.71±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when a 
measurement is performed by the powder X-ray analysis where the Cu-Ka beam is used as the X- 
ray source, and it is used as the aforementioned positive electrode active material, and the lithium 
secondary battery is provided with a positive electrode produced by mixing the above-mentioned 
positive electrode active material with at least a carbon material and a binder, a negative 
electrode capable of electrochemically storing and releasing lithium metal, lithium alloy, or 
lithium ion, a separator that isolates the above-mentioned two electrodes and a nonaqueous 
solution. 

[Claim 25] The lithium secondary battery described in claim 23 or claim 24, in which the M 
in the aforementioned structural formula is Al. 

[Claim 26] The method of manufacturing the lithium secondary battery described in one of 
claim 23 to claim 25, in which the aforementioned lithium-nickel-manganese composite oxide or 
lithium-nickel-manganese-M composite oxide having the ratio of the intensity of the peak 
observed at 29=18.71±0.25 degrees (II) and the intensity of the peak observed at 20=44.54±0.25 
degrees (12), 11/12, upon measuring by the aforementioned powder X-ray analysis of at least 0.8 
is formed and used as the aforementioned positive electrode active material. 
[Claim 23] In a lithium secondary battery provided with a positive electrode having at least a 
positive electrode active material capable of electrochemically storing and releasing lithium, a 
carbon material and a binder, a negative electrode capable of electrochemically storing and 
releasing lithium metal, lithium alloy or lithium ion, a separator that isolates the above- 
mentioned two electrodes and a nonaqueous solution, a lithium secondary battery characterized 
by the fact that a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M 
composite oxide shown in structural formula Li a Mn b M c Ni K b+ C )02 (Wherein, M is the above- 
mentioned element, and at the same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 and 0.5<1- 
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(b+c)<0.95) and having the half-band width of the peak observed at 29= 18.71 ±0.25 degrees in 
the range of 0.15 degrees to 0.22 degrees when measurement is performed by the powder X-ray 
analysis where the Cu-Ka beam is used as the X-ray source, and it is used as the aforementioned 
positive electrode active material, and the lithium secondary battery is provided with a positive 
electrode produced by mixing the above-mentioned positive electrode active material with at 
least a carbon material and a binder, a negative electrode capable of electrochemically storing 
and releasing lithium metal, lithium alloy or lithium ion, a separator that isolates the above- 
mentioned two electrodes and a nonaqueous solution. 

[Claim 27] In a manufacturing method of a lithium secondary battery provided with a positive 
electrode having at least a positive electrode active material capable of electrochemically storing 
and releasing lithium, a carbon material and a binder, a negative electrode capable of 
electrochemically storing and releasing lithium metal, lithium alloy, or lithium ion, a separator 
that isolates the above-mentioned two electrodes and a nonaqueous solution, a method of 
manufacturing a lithium secondary battery characterized by the fact that the method includes the 
substitution process where a portion of the nickel atoms of lithium-nickel composite oxide are 
uniformly replaced with Mn or a portion of the nickel atoms are uniformly replaced with Mn and 
M (Wherein, M is at least one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, 
Ga, Ca, Mg, Sr, and Ti) is included so as to produce a lithium-nickel-manganese composite oxide 
or lithium-nickel-manganese-M composite oxide shown in structural formula Li a MnbM c Nii_ 
0>+c)O2 (Wherein, M is the above-mentioned element, and at the same time, 0<a<1.2, 
0.05<b<0.45, 0.05<c<0.45 and 0.5<l-(b+c)<0.95) and having the half-band width of the peak 
observed at 29=18. 71±0. 25 degrees in the range of 0.15 degrees to 0.22 degrees when a 
measurement is performed by the powder X-ray analysis where Cu-Ka beam is used as the X-ray 
source and used as the aforementioned positive electrode active material; then, at least a carbon 
material and a binder are mixed with the above-mentioned positive electrode active material to 
form a slurry, and the aforementioned slurry is deposited onto a current collector to produce a 
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positive electrode, and furthermore, the positive electrode produced by the aforementioned 
positive electrode formation process is superimposed with a negative electrode capable of 
electrochemically storing and releasing the aforementioned lithium metal, lithium alloy, or 
lithium ion with the aforementioned separator in between and loaded to a battery tube and a 
nonaqueous solution is filled inside the aforementioned battery tube. 

[Claim 28] A method of manufacturing a lithium secondary battery provided with a positive 
electrode having at least a positive electrode active material capable of electrochemically storing 
and releasing lithium, a carbon material, and a binder, a negative electrode capable of 
electrochemically storing and releasing lithium metal, lithium alloy or lithium ion, a separator 
that isolates the above-mentioned two electrodes and a nonaqueous solution, which method of 
manufacturing a lithium secondary battery is characterized by the fact that the method includes a 
substitution process where a portion of the nickel atoms of lithium-nickel composite oxide are 
uniformly replaced with Mn and M (Wherein, M is at least one element selected from the group 
consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is included so as to produce a lithium- 
nickel-manganese composite oxide or lithium-nickel-manganese-M composite oxide shown in 
structural formula Li a MnbM c Ni].(b+ C )02 (Wherein, M is the above-mentioned element, and at the 
same time, 0<a<1.2, 0.05<b<0.45, 0.05<c<0.45 and 0.5<l-(b+c)<0.95) and having the half-band 
width of the peak observed at 29=18.71±0.25 degrees in the range of 0.15 degrees to 0.22 
degrees when a measurement is performed by the powder X-ray analysis where the Cu-Ka beam 
is used as the X-ray source and used as the aforementioned positive electrode active material; 
then, at least a carbon material and a binder are mixed with the above-mentioned positive 
electrode active material to form a slurry, and the aforementioned slurry is deposited onto a 
current collector to produce the aforementioned positive electrode, and furthermore, the positive 
electrode produced by the aforementioned positive electrode formation process is superimposed 
with a negative electrode capable of electrochemically storing and releasing the aforementioned 
lithium metal, lithium alloy, or lithium ion with the aforementioned separator in between and 
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Nio.7oMn 0 .2oAlo.io(OH)2, Ni 0 .5oMno.4oAlojo(OH) 2 ,in which a portion of the nickel element in the 
nickel hydroxide was replaced with element manganese and the element aluminum. 
[0023] Subsequently, an adjustment was made so as to form the molar ratio of the lithium and 
nickel-manganese-aluminum to form 1 : 1 and mixing was performed, then, a heat-treatment and 
pulverization were performed as in the case of working examples 1-3 and production of positive 
electrode active materials made of three different types of lithium-nickel-manganese-aluminum 
composite oxides shown in the composition formulas LiNio.85Mno.05Alo.10O2 (Working Example 
8 [sic]), LiNio 70Mno.20Alo.10O2 (Working Example 9 [sic]), and LiNio.50Mno.40Alo.10O2 (Working 
Example 10 [sic]) was performed. 
[0024] (4) Working examples 10 to 12 

First, three different types of mixed solutions adjusted to form the molar ratio of nickel in a 
nickel sulfate solution, the molar ratio of manganese in manganese sulfate solution and the molar 
ratio of aluminum in aluminum sulfate solution of 65:5:30, 60:10:30 and 50:20:30 were 
prepared. Subsequently, stirring was performed for the above-mentioned mixed solutions as in 
the case of the above-mentioned working examples 1 to 3 to as to produce three different types of 
nickel-manganese-aluminum composite hydroxide shown in the composition formulas 
Nio.65Mno.o5Alo.3o(OH) 2 , Nio.6oMn 0 .ioAlo.3o(OH) 2 , and Ni 0 .5oMn 0 ,2oAlo.3o(OH)2 in which a portion 
of the nickel element in the nickel hydroxide was replaced with the element manganese and the 
element aluminum. 

[0025] Subsequently, an adjustment was made so as to form the molar ratio of the lithium and 
nickel-manganese-aluminum to form 1 : 1 and mixing was performed, then, a heat-treatment and 
pulverization were performed as in the case of working examples 1 -3 and production of positive 
electrode active materials made of three different types of lithium-nickel-manganese-aluminum 
composite oxides shown in composition formulas LiNio.65Mno.05Alo.30O2 (Working Example 1 0), 
LiNio.60Mno.10Alo.30O2 (Working Example 1 1), and LiNio.50Mno.20Alo.30O2 (Working Example 
12) was performed. 



-24- 



KOKAI PATENT APPLICATION NO. 2000-223122 



[0026] (5) Working examples 13 to 15 

First, three different types of mixed solutions adjusted to form the molar ratio of nickel in a 
nickel sulfate solution, the molar ratio of manganese in manganese sulfate solution and the molar 
ratio of aluminum in aluminum sulfate solution of 55:5:40, 50:10:40 and 50:5:45 were prepared. 
Subsequently, stirring was performed for the above-mentioned mixed solutions as in the case of 
the above-mentioned working examples 1 to 3 to as to produce three different types of nickel- 
manganese-aluminum composite hydroxide shown in the composition formulas 
Nio.55Mn 0 .o5Alo.4o(OH) 2 , Nio.5oMn 0 .ioAlo.4o(OH) 2 , and Ni 0 .5oMno.o5Alo.45(OH) 2 in which a portion 
of the nickel element in the nickel hydroxide was replaced with the element manganese and the 
element aluminum. 

[0027] Subsequently, an adjustment was made so as to form the molar ratio of the lithium and 
nickel-manganese-aluminum to form 1 : 1 and mixing was performed, then, a heat-treatment and 
pulverization were performed as in the case of working examples 1-3 and production of positive 
electrode active materials made of three different types of lithium-nickel-manganese-aluminum 
composite oxides shown in composition formulas LiNio.55Mno.05Alo.40O2 (Working Example 13), 
LiNio.50Mno.10Alo.40O2 (Working Example 14), and LiNio.50Mno.05Alo.45O2 (Working Example 
15) was performed. 

[0028] Each positive electrode active material of Working Example 1 to Working Example 15 
produced as described above was arranged for the powder X-ray analyzer and when 
measurements were made for each positive electrode active material as Cu-Ka X-rays were 
applied at a radiation angle of theta using the Cu-Ka X-ray source and a slit with a slit width of 1 
|im and measurement was performed for the half-band width of the peaks existing in the range of 
29=18. 71±0.25 degrees, the results shown in Table I below were obtained. Furthermore, when 
measurements were made of the intensity of the peaks observed at 29=1 8.71 ±0.25 degrees (II) 
and the intensity of the peaks observed at 29=44. 54±0.25 degrees (12), 11/12, the results shown in 
Table I below were obtained. 
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[0029] 
[Table I] 



Type of positive 

cicciruuc atiive 

material 


Molar ratio of each element 


b+c 


Half-band 

width (°\ 
mum ^ / 


Intensity 

rutin nf npnlf 


Li 


Ni 


Mn 


Al 


Work. Ex. 1 


1.00 


0.95 


0.05 


0.00 


0.05 


0.16 


1.8 


Work- Ex. 2 


1.00 


0.70 


0.30 


0.00 


0.30 


0.20 


1.5 


Work- Ex. 3 


1.00 


0.55 


0.45 


0.00 


0.45 


0.22 


1.7 


Work- Ex. 4 


1.00 


0.90 


0.05 


0.05 


0.10 


0.18 


1.3 


Work. Ex. 5 


1.00 


0.65 


0.30 


0.05 


0.35 


0.20 


1.1 


Work. Ex. 6 


1.00 


0.50 


0.45 


0.05 


0.50 


0.19 


1.3 


Work. Ex. 7 


1.00 


0.85 


0.05 


0.10 


0.15 


0.17 


1.5 


Work. Ex. 8 


1.00 


0.70 


0.20 


0.10 


0.30 


0.18 


1.5 


Work. Ex. 9 


1.00 


0.50 


0.40 


0.10 


0.50 


0.20 


1.9 


Work. Ex. 10 


1.00 


0.65 


0.05 


0.30 


0.35 


0.20 


1.7 


Work- Ex. 11 


1.00 


0.60 


0.10 


0.30 


0.40 


0.17 


1.8 


Work. Ex. 12 


1.00 


0.50 


0.20 


0.30 


0.50 


0.18 


1.5 


Work. Ex. 13 


1.00 


0.55 


0.05 


0.40 


0.45 


0.22 


1.7 


Work. Ex. 14 


1.00 


0.50 


0.10 


0.40 


0.50 


0.21 


1.1 


Work. Ex. 15 


1.00 


0.50 


0.05 


0.45 


0.50 


0.21 


1.2 



[0030] In the Table I above, the relative amount of Li is a in the composition formula 
Li a Mn b M c Nii_(b+c)02, Ni is l-(b+c) 5 Mn is b, and Al (when M is Al) is c. As is clearly shown in 
the above-mentioned Table I, the composite oxides of each working example of 1 to 15 where 
the half-band width of the peak of the lithium-nickel composite oxide (LiNiC>2) observed at 
29=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when measurement is done 
by the powder X-ray analysis where the Cu-Ka beam is used as the X-ray source satisfies all the 
conditions of 0<a<1.2, 0.05<b<0.45, 0<c<0.45 and 0.05<b+c<0.50, that is, 0.5<l-(b+c)<0.95. 
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[0031] (6) Comparative Example 1 

First, the nickel sulfate solution was poured into a stirring tank, and a sodium hydroxide solution 
was slowly added to the above-mentioned solution as stirring was being performed and an 
adjustment was made for the pH of the solution. In this manner, production of nickel hydroxide 
was achieved. Subsequently, mixing was performed for nickel hydroxide and lithium hydroxide 
in such a manner that the molar ratio of the lithium and nickel of 1 : 1 could be achieved, and 
furthermore, a heat-treatment was performed for 20 hours under an oxygen atmosphere at a 
temperature of 750°C to produce a powder fragment. Furthermore, pulverization was performed 
for the above-mentioned powder fragment produced and production of a positive electrode active 
material shown in composition formula LiNiC>2 (Comparative Example 1) was achieved. 
[0032] (7) Comparative Example 2 

First, a mixed solution, in which the molar ratio of the nickel in a nickel sulfate solution and the 
molar ratio of the manganese in a manganese sulfate solution were adjusted to 50:50 was 
prepared. Then, the above-mentioned mixed solution was poured into a stirring tank, and a 
sodium hydroxide solution was slowly added to the above-mentioned mixed solution as stirring 
was being performed and an adjustment was made for the pH of the mixed solution. In this 
manner, production of a nickel-manganese hydroxide, in which a portion of the nickel element in 
the nickel hydroxide was replaced with the element manganese as shown in the composition 
formulas Nio.5oMno.5o(OH)2 was achieved. 

[0033] Subsequently, mixing was performed for the above-mentioned nickel-manganese 
composite oxide and a lithium hydroxide (LiOH) in such a manner that a molar ratio of the 
lithium and nickel-manganese of 1 : 1 could be achieved, and furthermore, a heat-treatment was 
performed for 20 hours under an oxygen atmosphere at a temperature of 750°C to produce a 
powder fragment. Furthermore, pulverization was performed for the above-mentioned powder 
fragment produced and production of a positive electrode active material shown in composition 
formula LiNio.50Mno.50O2 (Comparative Example 2) was achieved. 
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Example 1), LiNio.70Mno.30O2 (Working Example 2), and LiNio.55Mno.45O2 (Working Example 3) 
was performed. 

[0020] (2) Working Examples 4 to 6 

First, three different types of mixed solutions adjusted to form the molar ratio of nickel in a 
nickel sulfate solution, the molar ratio of manganese in manganese sulfate solution and the molar 
ratio of aluminum in aluminum sulfate solution of 90:5:5, 65:30:5 and 50:45:5 were prepared. 
Subsequently, stirring was performed for the above-mentioned mixed solutions as in the case of 
the above-mentioned Working Examples 1 to 3 so as to produce three different types of nickel- 
manganese-aluminum composite hydroxide shown in the structural formulas of 
Nio.9oMn 0 .o5Alo.o5(OH) 2 , Ni 0 .65Mn 0 .35Al 0 .o5(OH)2, and Ni 0 .o5Mno.45Alo.o5(OH) 2 in which a portion 
of the nickel element in the nickel hydroxide was replaced with the element manganese and the 
element aluminum. 

[0021] Subsequently, an adjustment was made so as to form the molar ratio of the lithium and 
nickel-manganese-aluminum of 1 : 1 and mixing was performed; then, a heat-treatment and 
pulverization were performed as in the case of working examples 1-3 and production of positive 
electrode active materials made of three different types of lithium-nickel-manganese-aluminum 
composite oxides shown in composition formulas LiNio.90Mno.05Alo.05O2 (Working Example 4), 
LiNio.65Mno.30Alo.05O2 (Working Example 5), and LiNio.50Mno.45Alo.05O2 (Working Example 6) 
was performed. 

[0022] (3) Working Examples 7 to 9 

First, three different types of mixed solutions adjusted to form the molar ratio of nickel in a 
nickel sulfate solution, the molar ratio of manganese in manganese sulfate solution and the molar 
ratio of aluminum in aluminum sulfate solution of 85:5:10, 70:20:10 and 50:40:10 were 
prepared. Subsequently, stirring was performed for the above-mentioned mixed solutions as in 
the case of Working Examples 1 to 3 so as to produce three different types of nickel-manganese- 
aluminum composite hydroxide shown in the composition formulas Nio.85Mn 0 .o5Alo.io(OH) 2 , 
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general, an increase in the half-band width of the peak of the powder X-ray analysis occurs when 
a dissimilar element is non-uniformly mixed with a given substance, and a non-uniform solid 
solubility of cobalt element and manganese element is suggested since the half-band width of the 
peak of the powder X-ray analysis of the lithium-nickel-cobalt-manganese composite oxide 
produced by the method proposed in the above-mentioned Japanese Kokai [Unexamined] Patent 
Application No. Hei 8-37007 is higher than the half-band width of the case where an element 
other than nickel is included. 
[0007] 

[Means to solve the problem and work of invention] Based on the above-mentioned background, 
the present invention is to eliminate the above-mentioned existing problems, and the purpose of 
the present invention is to produce a positive electrode active material with a reinforced crystal 
structure of lithium-nickel composite oxide so as to produce a positive electrode for lithium 
secondary battery and a lithium secondary battery with improved cycle characteristics and load 
characteristics. 

[0008] Thus, the positive electrode active material for lithium secondary battery is provided with 
a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M composite oxide 
shown in structural formula Li a MnbM c Nii_( b + C )02 (Wherein, M is at least one element selected 
from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti, and at the same time, 
0<a<1.2, 0.05<b<0.45, 0<c<0.45 and 0.5<l-(b+c)<0.95) and having the half-band width of the 
peak observed at 20=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when a 
measurement is performed by the powder X-ray analysis where the Cu-Ka beam is used as the X- 
ray source. 

[0009] Furthermore, the positive electrode active material for lithium secondary battery is 
provided with a lithium-nickel-manganese-M composite oxide shown in structural formula 
Li a Mn b M c Nii_(b+ C )02 (Wherein, M is at least one element selected from the group consisting of B, 
Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti, and at the same time, 0<a<l .2, 0.05<b<0.45, 0<c<0.40 
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being lightweight and small in size, and a lithium secondary battery that utilizes lithium-cobalt 
composite oxide (LiCo02) as the positive electrode material is used in practice. 
[0003] However, lithium secondary batteries that utilize a lithium-nickel composite oxide 
(LiNiC>2) as the positive electrode material is not used in practice. As a reason, inadequate cycle 
characteristics of lithium-nickel composite oxide (LiNi0 2 ) based on disturbance of the crystal 
structure of the material can be mentioned. In addition, due to brittle crystal structure, the 
material cannot withstand the sudden storing and releasing of lithium ion at a high charge- 
discharge rates. 

[0004] Thus, a method, in which a portion of the nickel element of the lithium-nickel composite 
oxide (LiNiCb) is replaced with a different element so as to reinforce the crystal structure and to 
improve the cycle characteristics is being examined. For example, a method, in which a portion 
of the nickel element of the lithium-nickel composite oxide (LiNiC^) is substituted with the 
element cobalt and the element manganese to stabilize the crystal structure, and a manganese 
compound containing trivalent or higher manganese is used so that formation of an inert 
Li2MnC>3 or a rock salt made of NiO is electrochemically controlled is proposed in Japanese 
Kokai [Unexamined] Patent Application No. Hei 8-37007. 
[0005] 

[Problems to be solved by the invention] However, the effect achieved by the method proposed 
in Japanese Kokai [Unexamined] Patent Application No. Hei 8-37007 is still inadequate. In the 
method proposed in the above-mentioned publication, an improvement in cycle characteristics is 
observed when a heat-treatment is performed for a lithium compound, nickel compound, cobalt 
compound, and manganese compound in comparison to the case where a portion of the nickel 
element is replaced with a cobalt element and manganese element but without forming into a 
composite, but the effect achieved is still inadequate. 

[0006] In this case, distribution of the substituted cobalt element and manganese element is non- 
uniform, and the reinforcement effect on the crystal structure is inadequate. It is known that in 
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loaded into a battery tube and a nonaqueous solution is filled inside the aforementioned battery 
tube. 

[Claim 29] The method of manufacturing lithium secondary battery described in claim 27 or 
claim 28 characterized by the fact that the coprecipitation process, in which the pH of the mixed 
solution of a solution of a dissolved nickel compound and a solution of a dissolved manganese 
compound or a mixed solution of a solution of a dissolved nickel compound, a solution of a 
dissolved manganese compound and a solution of dissolved M compound (Wherein, M is at least 
one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) 
is changed in the aforementioned substitution process so as to precipitate a composite hydroxide, 
is included. 

[Claim 30] The method of manufacturing a lithium secondary battery described in claim 27 or 
claim 28 characterized by the fact that the evaporation drying process, in which evaporation 
drying is performed for the mixed solution comprising a solution with a dissolved nickel 
compound and a solution with a dissolved manganese compound or a mixed solution comprising 
a solution with a dissolved nickel compound, a solution with a dissolved manganese compound, 
and a solution with a dissolved M compound (Wherein, M is at least one element selected from 
the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) in the aforementioned 
substitution process so as to produce a composite raw material comprising a fine particles of each 
of the aforementioned compounds, is included. 

[Claim 31] The method of manufacturing the lithium secondary battery described in one of 
claim 27 to claim 30, in which a heat-treatment process where a mixture comprising the 
aforementioned coprecipitated composite hydroxide or the composite raw material made of the 
aforementioned dried fine particles and a lithium compound under an oxygen atmosphere to form 
a composite oxide, and a pulverization process where pulverization is performed for the 
aforementioned composite oxide to produce a powder are provided after the aforementioned 
coprecipitation process or before the aforementioned evaporation drying process. 



-15- 



KOKAI PATENT APPLICATION NO. 2000-223122 



above-mentioned composite oxide, a positive electrode active material with improved cycle 
characteristics and load characteristics can be produced. Therefore, the cycle characteristics and 
load characteristics of the positive electrode that utilizes the active material made of the above- 
mentioned composite oxide are improved and furthermore, the cycle characteristics and load 
characteristics of the lithium secondary battery that utilizes the above-mentioned positive 
electrode are improved as well. 

[0013] Furthermore, when a lithium-nickel-manganese composite oxide or lithium-nickel- 
manganese-M composite oxide, in which a portion of the nickel element in the lithium-nickel 
composite oxide (LiNiC^) is uniformly replaced with Mn or Mn and another element M, and the 
ratio of the intensity of the peak observed at 26=18. 71±0.25 degrees (II) and the intensity of the 
peak observed at 29=44.54±0.25 degrees (12), 11/12, is below 0.8, formation of impurities such as 
L^NigOio are conceivable. In this case, the impurities have an adverse effect on crystal structure, 
which leads to problems such as reduction in capacity; thus, it is desirable for the value of the 
intensity ratio, 11/12, to be at least 0.8. 

[0014] In a conventional synthesis method where mixing is performed for the raw material 
powders and baking is done is used in production of a lithium-nickel-manganese composite 
oxide or lithium-nickel-manganese-M composite oxide, in which a portion of the nickel element 
in the lithium-nickel composite oxide (LiNiC^) is uniformly replaced with Mn or Mn and another 
element M, it is difficult to uniformly replace a portion of the nickel element in the lithium- 
nickel composite oxide (LiNiC>2) with Mn or Mn and other element M, as a result, the value of 
the half-band width measured by the powder X-ray analysis is increased, and the degree of 
improvement in the cycle characteristics and load characteristics is insufficient. 
[0015] Therefore, in the method of manufacturing the positive electrode active material of the 
present invention, uniform replacement of a portion of the nickel element of lithium-nickel 
composite oxide (LiNiC^) with a lithium-nickel-manganese composite oxide or lithium-nickel- 
manganese-M composite oxide is required. For example, a coprecipitation process, in which the 
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pH of a mixed solution consisting of a solution with a dissolved nickel compound and a solution 
with a dissolved manganese compound or a mixed solution comprising a solution with a 
dissolved nickel compound, a solution with a dissolved manganese compound and a solution 
with a dissolved M compound (Wherein, M is at least one element selected from the group 
consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) is changed in the aforementioned 
substitution process so as to precipitate a composite hydroxide, is required. 
[0016] As a different example, an evaporation drying process, in which evaporation drying is 
performed for the mixed solution consisting of a solution with a dissolved nickel compound and 
a solution with a dissolved manganese compound or a mixed solution of a solution with a 
dissolved nickel compound, a solution with a dissolved manganese compound, and a solution 
with a dissolved M compound (Wherein, M is at least one element selected from the group 
consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti) in the aforementioned substitution 
process so as to produce a composite raw material comprising fine particles of each of the 
aforementioned compounds, is required. Furthermore, when a heat-treatment is performed for a 
mixture of the composite hydroxide produced in the above-mentioned process (coprecipitation 
process, or evaporation drying process) and a mixture of lithium compound under an oxygen 
atmosphere, a lithium-nickel-manganese composite oxide or lithium-nickel-manganese-M 
composite oxide, in which a portion of the nickel in the lithium-nickel composite oxide (LiNiC>2) 
is uniformly replaced with Mn or Mn and another element M, can be produced. 
[0017] When the above-mentioned coprecipitation process, or evaporation drying process is 
provided, it is possible to produce a lithium-nickel-manganese composite oxide or lithium- 
nickel-manganese-M composite oxide, in which a portion of the nickel element in the lithium- 
nickel composite oxide (LiNiC^) is uniformly replaced with Mn or Mn and another element M 
(Wherein, M is at least one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, 
Ga, Ca, Mg, Sr, and Ti). In the above-mentioned lithium-nickel-manganese composite oxide or 
lithium-nickel-manganese-M composite oxide, the crystal structure is adequately reinforced, and 
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a positive electrode active material with improved cycle characteristics and load characteristics 
can be produced. Therefore, the cycle characteristics and load characteristics of the positive 
electrode that utilize the above-mentioned active material made of the above-mentioned 
composite oxide are improved and furthermore, the cycle characteristics and load characteristics 
of the lithium secondary battery that utilizes the above-mentioned positive electrode are 
improved as well. 
[0018] 

[Embodiment of the invention] Suitable embodiments of the present invention are explained in 
detail below. 

1 . Production of positive electrode active material 

First, three different types of mixed solutions adjusted to form the molar ratio of nickel in a 
nickel sulfate solution and the molar ratio of manganese in manganese sulfate solution of 95:5, 
90:30 and 55:45 were prepared. Each of the above-mentioned mixed solutions was poured into a 
stirring tank and sodium hydroxide solution was slowly added as stirring was performed in the 
stirring tank and an adjustment was made to the pH of the mixed solutions. As a result of the 
above-mentioned stirring, three different types of nickel-manganese composite hydroxide given 
by the composition formulas LiNio.95Mno.os(OH)2, Ni 0 .7oMno.3o(OH)2, Nio.55Mno.45(OH) 2 , in 
which a portion of the nickel element in the nickel hydroxide was replaced with the element 
manganese were produced. 

[0019] Subsequently, an adjustment was made for the above-mentioned nickel-manganese 
hydroxides and lithium hydroxide (LiOH) so as to form a molar ratio of the lithium and nickel- 
manganese of 1 : 1 and mixing was performed, then, a heat-treatment was performed at a 
temperature of 750°C for 20 hours under an oxygen atmosphere to produce a powder fragment. 
Furthermore, pulverization was performed for the above-mentioned powder fragment produced 
and production of positive electrode active materials made of three different types of lithium- 
nickel-manganese composite oxides shown in structural formulas LiNio.95Mno.05O2 (Working 
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[Claim 32] The method of manufacturing the lithium secondary battery described in one of 
claim 27 to claim 31, in which the M in the aforementioned structural formula is Al. 
[Claim 33] The method of manufacturing the lithium secondary battery described in one of 
claim 27 to claim 32, in which the aforementioned lithium-nickel-manganese composite oxide or 
lithium-nickel-manganese-M composite oxide having a ratio of the intensity of the peak observed 
at 20=1 8.7 1±0.25 degrees (II) and the intensity of the peak observed at 29=44.54±0.25 degrees 
(12), 11/12, upon measurement by the aforementioned powder X-ray analysis of at least 0.8 is 
formed. 

[Detailed description of the invention] 
[0001] 

[Technical field of the invention] The present invention pertains to a positive electrode active 
material capable of electrochemically storing and releasing lithium, and the invention further 
pertains to a positive electrode for lithium secondary battery with an improved cycle 
characteristics and load characteristics and manufacturing method of same, positive electrode for 
lithium secondary battery made of the positive electrode active material and manufacturing 
method of same, and lithium secondary battery made of the positive electrode and manufacturing 
method of same. 
[0002] 

[Prior art] In recent years, lithium secondary batteries represented by lithium ion batteries 
comprising a negative active material that utilizes a carbon material capable of storing and 
releasing the aforementioned lithium metal, lithium alloy or lithium ion and a positive electrode 
material a lithium-containing transition metal composite oxide such as lithium-cobalt composite 
material (LiCoCb), lithium-nickel composite material (LiNiCb) and lithium-manganese 
composite material (LiMn 2 C>4) are used as a battery for portable electronics and communication 
machines such as small video cameras, cell phones and notebook computers since high discharge 
voltage that matches the 4V class, high energy density and high capacity can be achieved despite 
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The nickel sulfate solution was poured into a stirring tank, and a sodium hydroxide solution was 
slowly added to the above-mentioned solution as stirring was being performed and an adjustment 
was made for the pH of the solution. In this manner, production of nickel hydroxide was 
performed. Subsequently, mixing was performed for nickel hydroxide and lithium hydroxide in 
such a manner that the molar ratio of the lithium and nickel of 1 : 1 could be achieved, and 
furthermore, a heat-treatment was performed for 20 hours under an oxygen atmosphere at a 
temperature of 750°C to produce a powder fragment. Furthermore, pulverization was performed 
for the above-mentioned powder fragment produced and production of a positive electrode active 
material shown in structural formulas LiNiC>2 (comparative example 1) was achieved. 
[0034] (8) Comparative examples 3 and 4 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
the molar ratio of aluminum in an aluminum sulfate solution were adjusted to 92:3:5 and 
45:50:5. Then, stirring was performed for the above-mentioned mixed solutions as in the case of 
the above-mentioned Working Examples 1 to 3 so as to produce two different types of nickel- 
manganese-aluminum composite hydroxide shown in the composition formulas 
Nio.92Mno.03 Alo.os(OH)2 and Nio.45Mn 0 .5oAlo.o5(OH) 2 * n which a portion of the nickel element in 
the nickel hydroxide was replaced with the element manganese and the element aluminum. 
[0035] Subsequently, mixing was performed for the above-mentioned nickel-manganese- 
aluminum composite oxide with lithium in such a manner that the molar ratio of the lithium and 
nickel-manganese-aluminum of 1 : 1 was achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprising lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.92Mno.03Alo.05O2 
(Comparative Example 3) and LiNio.45Mno.50Alo.05O2 (Comparative Example 4). 
[0036] (9) Comparative Example 5 
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First, a mixed solution, in which the molar ratio of the nickel in a nickel sulfate solution and the 
molar ratio of the aluminum in an aluminum sulfate solution were adjusted to form 90: 10. Then, 
stirring was performed for the above-mentioned mixed solutions as in the case of Working 
Examples 1 to 3 so as to produce a nickel-aluminum composite hydroxide shown in the 
composition formula Nio.9oAlo.io(OH) 2 , in which a portion of the nickel element in the nickel 
hydroxide was replaced with the element aluminum. Subsequently, mixing was performed for 
the above-mentioned nickel-aluminum with lithium in such a manner that a molar ratio of the 
lithium and nickel-aluminum of 1 : 1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce a 
positive electrode active material comprising the lithium-nickel-aluminum composite oxide 
shown in the composition formula LiNio.90Alo.10O2 (Comparative example 5). 
[0037] (10) Comparative Examples 6 and 7 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
the molar ratio of aluminum in an aluminum sulfate solution were adjusted to 87:3:10 and 
45:45:10. Then, stirring was performed for the above-mentioned mixed solutions as in the case 
of Working Examples 1 to 3 so as to produce two different types of nickel-manganese-aluminum 
composite hydroxides shown in the composition formulas Nio.87Mno.o3Alo.io(OH)2 and 
Nio.45Mno.45Al 0 .io(OH)2 in which a portion of the nickel element in the nickel hydroxide was 
substituted with a manganese element and an aluminum element. 

[0038] Next, mixing was performed for the above-mentioned nickel-manganese-aluminum 
composite hydroxides with lithium in such a manner that a molar ratio of the lithium and nickel- 
manganese-aluminum of 1 :1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of working examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprised of lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.87Mno.03Alo.10O2 
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(Comparative Example 6) and LiNio.45Mno.45Alo.10O2 (Comparative Example 7). 
[0039] (1 1) Comparative Examples 8 and 9 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
the molar ratio of aluminum in an aluminum sulfate solution were adjusted to form 67:3:30 and 
45:25:30. Then, stirring was performed for the above-mentioned mixed solutions as in the case 
of Working Examples 1 to 3 above so as to produce two different types of nickel-manganese- 
aluminum composite hydroxides shown in the composition formulas of and 
Nio.67Mno.o3Alo.3o(OH)2 and Ni 0 .45Mno.25Alo.3o(OH)2, in which a portion of the nickel element in 
the nickel hydroxide was replaced with the element manganese and the element aluminum. 
[0040] Next, mixing was performed for the above-mentioned nickel-manganese-aluminum 
composite oxide with a lithium in such a manner that the molar ratio of the lithium and nickel- 
manganese-aluminum of 1 : 1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprised of lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.e7Mno.03Alo.30O2 
(Comparative Example 8) and LiNio.45Mno.25Alo.30O2 (Comparative Example 9). 
[0041] (12) Comparative Examples 10 and 11 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
the molar ratio of aluminum in an aluminum sulfate solution were adjusted to form 57:3 :40 and 
45:15:40. Then, stirring was performed for the above-mentioned mixed solutions as in the case 
of Working Examples 1 to 3 so as to produce two different types of nickel-manganese-aluminum 
composite hydroxides shown in the composition formulas Nio.5?Mno.o3Alo.4o(OH)2 and 
Nio.45Mn 0 .i5Al 0 .4o(OH)2 in which a portion of the nickel element in the nickel hydroxide was 
replaced with the element manganese and the element aluminum. 
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[0042] Next, mixing was performed for the above-mentioned nickel-manganese-aluminum 
composite oxide with a lithium in such a manner that the molar ratio of the lithium and nickel- 
manganese-aluminum of 1:1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprising lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.57Mno.03Alo.40O2 
(Comparative Example 10) and LiNio.45Mno.15Alo.40O2 (Comparative Example 1 1). 
[0043] (13) Comparative Examples 12 and 13 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
the molar ratio of aluminum in an aluminum sulfate solution were adjusted to 52:3:45 and 
45:10:45. Then, stirring was performed for the above-mentioned mixed solutions as in the case 
of Working Examples 1 to 3 above so as to produce two different types of nickel-manganese- 
aluminum composite hydroxide shown in the structural formulas of Nio.52Mn 0 .o3Alo.45(OH)2 and 
Nio.45Mno.ioAlo.45(OH)2 in which a portion of the nickel element in the nickel hydroxide was 
replaced with the element manganese and the element aluminum. 

[0044] Next, mixing was performed for the above-mentioned nickel-manganese-aluminum 
composite oxide with a lithium in such a manner that the molar ratio of the lithium and nickel- 
manganese-aluminum of 1 : 1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprising the lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.52Mno.03Alo.45O2 
(Comparative Example 12) and LiNio.45Mno.10Alo.45O2 (Comparative Example 13). 
[0045] (14) Comparative Examples 14 and 15 

First, two different types of mixed solutions were prepared, in which the molar ratio of the nickel 
in a nickel sulfate solution, the molar ratio of the manganese in a manganese sulfate solution, and 
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the molar ratio of aluminum in an aluminum sulfate solution were adjusted to 47:3:50 and 
45:5:50. Then, stirring was performed for the above-mentioned mixed solutions as in the case of 
the above-mentioned working examples 1 to 3 to as to produce two different types of nickel- 
manganese-aluminum composite hydroxide shown in the composition formulas of 
Ni 0 .47Mn 0 .o3Al 0 .5o(OH)2 and Ni 0 .45Mn 0 .o5Alo.5o(OH)2 in which a portion of the nickel element in 
the nickel hydroxide was replaced with the element manganese and the element aluminum. 
[0046] Next, mixing was performed for the above-mentioned nickel-manganese-aluminum 
composite oxide with a lithium in such a manner that the molar ratio of the lithium and nickel- 
manganese-aluminum of 1 : 1 could be achieved, and furthermore, a heat-treatment and 
pulverization were performed as in the case of Working Examples 1 to 3 so as to produce two 
different types of positive electrode active materials comprising lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio 47Mno.03Alo.50O2 
(Comparative Example 14) and LiNio.45Mno.05Alo.50O2 (Comparative Example 15). 
[0047] ( 1 5) Comparative Examples 1 6 to 2 1 

An adjustment was made in such a manner that the following molar ratios of each of the 
elements Li, Ni, Mn and Al in lithium hydroxide (LiOH), nickel hydroxide (Ni(OH)2), aluminum 
nitrate (A1(N0 3 ) 3 ) and manganese dioxide (Mn0 2 ) to form 100:90:10:0, 100:70:20:0, 
100:50:40:10, 100:50:20:30, 100:40:20:40 were produced. After mixing was performed for the 
above-mentioned materials in a mortar, a heat-treatment and pulverization were performed as in 
the case Working Examples 1 to 3 above so as to produce two different types of positive 
electrode active materials comprising lithium-nickel-manganese-composite oxides and four 
different types of positive electrode active materials comprising lithium-nickel-manganese- 
aluminum composite oxides shown in the composition formulas LiNio.90Mno.10O2 (Comparative 
example 16), LiNio.70Mno.30O2 (Comparative Example 17), LiNio.70Mno.20Alo.10O2 (Comparative 
Example 18), LiNio.50Mno.40Alo.10O2 (Comparative Example 19), LiNio.50Mno.20Alo.30O2 
(Comparative Example 20), and LiNio.40Mno.20Alo.40O2 (Comparative Example 21). 
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[0048] Each positive electrode active material of the above-mentioned Comparative Example 1 
to Comparative Example 21 produced as described above was arranged for the powder X-ray 
analyzer and when a measurement was performed for each positive electrode active material as 
Cu-Ka rays were applied at a radiation angle of theta using the Cu-Ka X-ray source and a slit 
with a slit width of 1 |im and measurements were made of the half-band width of the peaks 
existing in the range of 20=18. 71±0.25 degrees, and the results shown in Table II below were 
obtained. Furthermore, when a measurement was performed for the intensity of the peaks 
observed at 29=18.71±0.25 degrees (II) and the intensity of the peaks observed at 28=44.54±0.25 
degrees (12), 11/12, the results shown in Table II below were obtained. 
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[0049] 
[Table II] 



Type of positive 
electrode active 
material 


Molar ratio of each element 


b+c 


Half-band 

Will in ^ ) 


Intensity 
ratio of peak 


Li 


Ni 


Mn 


Al 


Comp. Ex. 1 


1.00 


1.00 


0.00 


0.00 


0.00 


0.17 


1.9 


Comp. Ex. 2 


1.00 


0.50 


0.50 


0.00 


0.50 


0.21 


1.2 


Comp. Ex. 3 


1.00 


0.92 


0.03 


0.05 


0.08 


0.20 


1.2 


Comp. Ex. 4 


1.00 


0.45 


0.50 


0.05 


0.55 


0.21 


1.7 


Comp. Ex. 5 


1.00 


0.90 


0.00 


0.10 


0.10 


0.17 


1.8 


Comp. Ex. 6 


1.00 


0.87 


0.03 


0.10 


0.13 


0.17 


1.8 


Comp. Ex. 7 


1.00 


0.45 


0.45 


0.10 


0.55 


0.19 


1.7 


Comp. Ex. 8 


1.00 


0.67 


0.03 


0.30 


0.33 


0.21 


1.9 


Comp. Ex. 9 


1.00 


0.45 


0.25 


0.30 


0.55 


0.20 


1.6 


Comp. Ex. 10 


1.00 


0.57 


0.03 


0.40 


0.43 


0.17 


1.7 


Comp. Ex. 1 1 


1.00 


0.45 


0.15 


0.40 


0.55 


0.20 


1.7 


Comp. Ex. 12 


1.00 


0.52 


0.03 


0.45 


0.48 


0.19 


1.7 


Comp. Ex. 13 


1.00 


0.45 


0.10 


0.45 


0.55 


0.19 


1.6 


Comp. Ex. 14 


1.00 


0.47 


0.03 


0.50 


0.53 


0.18 


1.5 


Comp. Ex. IS 


1.00 


. 0.45 


0.05 


0.50 


0.55 


0.20 


1.7 


Comp. Ex. 16 


1.00 


0.90 


0.10 


0.00 


0.10 


0.27 


1.7 


Comp. Ex. 17 


1.00 


0.70 


0.30 


0.00 


0.30 


0.25 


1.8 


Comp. Ex. 18 


1.00 


0.70 


0.20 


0.10 


0.30 


0.31 


1.2 


Comp. Ex. 19 


1.00 


0.50 


0.40 


0.10 


0.50 


0.29 


1.1 


Comp. Ex. 20 


1.00 


0.50 


0.20 


0.30 


0.50 


0.30 


1.6 


Comp. Ex. 21 


1.00 


0.40 


0.20 


0.40 


0.60 


0.27 


1.4 



[0050] In Table II above, Li is a in the structural formula Li a MnbM c Nii_(b+ C )02, Ni is l-(b+c), Mn 
is b, and Al (when M is Al) is c. As is clearly shown in Table II above, the composite oxides of 
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each Comparative Examples 1 through 1 5 where the half-band width of the peak of the lithium- 
nickel composite oxide (LiNi02) observed at 29=18.71±0.25 degrees is not in the range of 0.15 
degrees to 0.22 degrees when measurement is performed by the powder X-ray analysis where Cu- 
Ka beam is used as the X-ray source, in other words, the conditions 0<a<1.2, 0.05<b<0.45, 
0<c<0.45 and 0.05<b+c<0.50, that is, 0.5<l-(b+c)<0.95, is not met. 
[0051] 2. Production of composite oxide positive electrode 

Mixing was performed for 90 parts by weight of each of positive electrode active material 
produced in the above-mentioned Working Examples 1 to 15 and Comparative Examples 1 to 21, 
5 parts by weight of synthetic graphite, and N-methyl-2-pyrrolidone (NMP) solution of 5 parts by 
weight polyvinylidene fluoride and production was performed for positive electrode active 
material slurries of Working Examples 1 to 15 and positive electrode active material slurries of 
Comparative Examples 1 to 21. Each of the above-mentioned positive electrode active material 
slurries was coated onto the both surfaces of a positive electrode current collector made of an 
aluminum foil using the doctor blade method to form a positive electrode active material layer; 
then, vacuum drying was performed for 2 hours at 150°C and production of positive electrode of 
Working Examples 1 to 15 and positive electrode of Comparative Examples 1 to 21 was 
achieved. 

[0052] 3. Production of negative electrode 

Mixing was performed for 95 parts by weight of a negative electrode material capable of 
achieving intercalation and deintercalation of lithium ion (for example, natural graphite) and an 
N-methyl-2- pyrrolidone (NMP) solution of 5 parts by weight polyvinylidene fluoride to produce 
a negative electrode slurry. The resulting negative electrode slurry was coated onto both surfaces 
of a negative electrode current collector made of copper foil using the doctor blade method to 
form a negative electrode active material layer, then, vacuum drying was performed for 2 hours 
at 1 50°C and production of negative electrode was performed. For the negative electrode active 
material used in this case, a carbon type material capable of achieving intercalation and 
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deintercalation of lithium ion, for example, graphite, carbon black, coke, glassy carbon, carbon 
fiber, and baked materials of the same can be used effectively. Furthermore, an oxide capable of 
achieving intercalation and deintercalation of lithium ion such as tin oxide or titanium oxide can 
be used in this case as well. 
[0053] 4. Production of lithium secondary battery 

The lead is attached to the positive electrode plate produced in the above-mentioned working 
examples 1 to 15 of the present invention and comparative examples 1 to 21, and the lead is 
attached to the negative electrode plate produced as described above, and the above-mentioned 
positive electrode plates and negative electrode plates are wrapped in a coil with a separator in 
between so as to form a coiled electrode. 

[0054] Each of the above-mentioned coiled electrodes is loaded into a battery case (AA size, for 
example), and the leads are connected to the positive terminal and negative terminal, 
respectively. Then, an electrolyte solution produced by adding 1 mole/liter of lithium phosphate 
hexafluoride (LiPFe) to an equal volume mixture solvent of ethylene carbonate (EC) and diethyl 
carbonate (DEC) was injected to the above-mentioned case, and it was sealed to produce the 
sample batteries of Working Examples 1 to 15 of the present invention and Comparative 
Examples 1 to 21 with a rated flow capacity of 580 mAH. In this case, the shape of the above- 
mentioned batteries is not limited, and flat, square, or cylinder-form may be used. 
[0055] In this case, in addition to the above-mentioned mixture of ethylene carbonate (EC) and 
diethyl carbonate (DEC), a mixture of an aprotic solvent without capacity of feeding a hydrogen 
ion and dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), etc. may be used as well. 
Furthermore, in addition to the above-mentioned LiPF 6 , imide salts represented by LiBF 4 , 
LiC104, LiN(S02C2F 5 )2, etc. may be used as electrolytes. 
[0056] 5. Test 

(1) Charge-discharge cycle test 

Each battery produced in the above-mentioned Working Examples 1 to 1 5 and Comparative 



-36- 



KOKAI PATENT APPLICATION NO. 2000-223122 



Examples 1 to 21 were charged at room temperature (25°C) under 200 mA at a constant current 
to form 4.2 V, then, discharged under 200 mA at a constant current to form 2.75 V, and the 
above-mentioned charge-discharge cycle was repeatedly performed. And the number of cycles 
until the discharge capacity became 90% or less of the initial discharge capacity was obtained. 
The results obtained are shown in Table III below (Batteries of Working Examples 1 to 15) and 
Table IV below (batteries of Comparative Examples 1 to 21). 
[0057] (2) Load characteristic test 

Each battery produced in the above-mentioned Working Examples 1 to 15 and Comparative 
Examples 1 to 21 was charged at room temperature (25°C) under 200 mA at a constant current to 
4.2 V, then, discharged under 200 mA at a constant current to 2.75 V, and charge capacity 
(AmAh) was obtained. Meanwhile, charging was performed at room temperature (25°C) under 
200 mA at a constant current to 4.2 V, then, discharged under 400 mA at a constant current to 
2.75 V, and discharge capacity (BmAh) was obtained. The discharge capacity ratio B/A was 
calculated as the load characteristic, and the results obtained are shown in Table EQ below 
(Batteries of Working Examples 1 to 15) and Table IV below (batteries of Comparative 
Examples 1 to 21). 
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[0058] 
[Table m] 



Type of positive 
electrode active 
material 


Half-band width (°) 


Peak intensity ratio 


Number of cycles 
(number) 


Load characteristic 
B/A 


Work. Ex. 1 


0.16 


1.8 


120 


0.90 


Work. Ex. 2 


0.20 


1.5 


129 


0.91 


Work. Ex. 3 


0.22 


1.7 


119 


0.92 


Work. Ex. 4 


0.18 


1.3 


172 


0.96 


Work. Ex. 5 


0.20 


1.1 


170 


0.97 


Work. Ex. 6 


0.19 


1.3 


179 


0.96 


Work. Ex. 7 


0.17 


1.5 


176 


0.98 


Work. Ex. 8 


0.18 


1.5 


173 


0.97 


Work. Ex. 9 


0.20 


1.9 


169 


0.96 


Work. Ex.10 


0.20 


1.7 


175 


0.97 


Work. Ex. 11 


0.17 


1.8 


174 


0.95 


Work. Ex. 12 


0.18 


1.5 


168 


0.96 


Work. Ex. 13 


0.22 


1.7 


181 


0.97 


Work. Ex. 14 


0.21 




178 


0.97 


Work. Ex. 15 


0.21 


1.2 


125 


0.91 
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[0059] 
[Table IV] 



Type of positive 
electrode active 
material 


Half-band width (°) 


Peak intensity ratio 


Number of cycles 
(number) 


Load characteristic 
B/A 


Comp. Ex. 1 


0.17 


1.9 


13 


0.75 


Comp. Ex. 2 


0.21 


1.2 


53 


0.78 


Comp. Ex. 3 


0.20 


1.2 


67 


0.82 


Comp. Ex. 4 


0.21 


1.7 


71 


0.85 


Comp. Ex. 5 


0.17 


1.8 


69 


0.84 


Comp. Ex. 6 


0.17 


1.8 


75 


0.82 


Comp. Ex. 7 


0.19 


1.7 


79 


0.85 


Comp. Ex. 8 


0.21 


1.9 


67 


0.81 


Comp. Ex. 9 


0.20 


1.6 


58 


0.83 


Comp. Ex. 10 


0.17 


1.7 


60 


0.82 


Comp. Ex. 1 1 


0.20 


1.7 


59 


0.86 


Comp. Ex. 12 


0.19 


1.7 


62 


0.84 


Comp. Ex. 13 


0.19 


1.6 


67 


0.85 


Comp. Ex. 14 


0.18 


1.5 


59 


0.80 


Comp. Ex. 15 


0.20 


1.7 


60 


0.81 


Comp. Ex. 16 


0.27 


1.7 


52 


0.75 


Comp. Ex. 17 


0.25 


1.8 


54 


0.72 


Comp. Ex. 18 


0.31 


1.2 


57 


0.76 


Comp. Ex. 19 


0.29 


1.1 


52 


0.79 


Comp. Ex. 20 


0.30 


1.6 


51 


0.77 


Comp. Ex. 21 


0.27 


1.4 


49 


0.79 



[0060] As clearly shown in the results in Table III and Table IV, superior cycle characteristics 
and load characteristics were achieved in the composite oxides in each of Working Examples 1 
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to 15 shown in the composition formula Li a MnbM c Nii_(b+c)02 where the half-band width of the 
peak of the lithium-nickel composite oxide (LiNiC^) observed at 20=1 8.7 1±0.25 degrees in the 
range of 0. 1 5 degrees to 0.22 degrees when the measurement is made by powder X-ray analysis 
where the Cu-Ka beam is used as the X-ray source and satisfies all the following conditions: 
0<a<1.2, 0.05<b<0.45, 0<c<0.45 and 0.05<b+c<0.50, that is, 0.5<l-(b+c)<0.95, in comparison to 
composite oxide of Comparative Examples 1 to 21, where one of the above-mentioned 
conditions is not satisfied. 

[0061] In this case, it is hypothesized that good results are achieved as a result of the reinforced 
crystal structure achieved through uniform replacement of a portion of the Ni in Li-Ni composite 
oxide with Mn or Mn and Al. Furthermore, when a comparison is made among composite 
oxides of Working Examples 1 to 3 and Working Example 15 and composite oxide of Working 
Examples 4 to 14, superior cycle characteristics and load characteristics can be achieved when 
the composite oxide of Working Examples 4 to 14 is used. In this case, it is hypothesized that 
the good results are achieved as a result of an increase in uniformity in Ni, Mn and Al based on 
an approximate degree of formation of composite between Ni and the element other than Mn 
(Al). 

[0062] 6. Examination of element added (Working Examples 16 to 25) 
In the above-mentioned examples, the case where a part of the Ni in Li-Ni composite oxide is 
replaced with Mn or Mn and Al is used, and a further examination was performed with elements 
other than Al. In this case, nickel sulfate, manganese sulfate and compounds listed in Table V 
below were used as raw materials in production of composite oxides and production was 
performed as in the case where aluminum sulfate was used and production of composite oxides 
of Working Examples 16 to 25 was performed. 
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[0063] 
[Table V] 



Type of positive 
electrode active 
material 


Raw material 

other than 
nickel sulfate 
and manganese 
sulfate 


Composition of composite 
hydroxide 


Half-band 
with (°) 


Peak 
intensity 
ratio 


Number of 

cycles 
(number) 


Load 

character- 
istic B/A 


Work Ex. 16 


H3BO4 


Nio 7 Mno.2Boi(OH) 2 


0.20 


1.2 


159 


0.94 


Work. Ex. 17 


FeS0 4 


Ni 0 .7Mno.2Feo.i(OH) 2 


0.19 


1.4 


153 


0.93 


Work. Ex. 18 


VOSO4 


Nio7Mno. 2 V 0 j*(OH)2 


0.17 


1.5 


151 


0.95 


Work. Ex. 19 


CrSt> 4 


Nio.7Mno.2Cr 0 .i*(OH) 2 


0.20 


1.2 


160 


0.92 


Work. Ex. 20 


CuS0 4 


Ni 0 .7Mno. 2 Cuo.i*(OH)2 


0.18 


1.1 


158 


0.93 


Work. Ex. 21 


Ga 2 (S0 4 ) 3 


Ni 0 .7Mn<uGao.i(OH) 2 


0.20 


1.2 


157 


0.92 


Work. Ex. 22 


Ca(N0 3 )2 


Nio.7Mn 0 . 2 Ca 0 .i(OH) 2 


0.18 


1.5 


151 


0.93 


Work. Ex. 23 


Mg(N0 3 ) 2 


Ni 0 .7Mn 0 .2Mgo.i(OH) 2 


0.20 


1.4 


149 


0.95 


Work. Ex. 24 


Sr(N0 3 ) 2 


Ni 0 .7Mn 0 . 2 Sr 0 .i(OH) 2 


0.19 


1.2 


160 


0.93 


Work. Ex. 25 


Ti(S0 4 )2 


Ni 0 .7Mn 0 .2Ti 0 j(OH) 2 


0.21 


1.3 


153 


0.94 



* Translator's note: illegible - best guess 

[0064] Subsequently, with each of the composite oxides produced in the above-mentioned 
Working Examples 16 to 25, production of composite oxide positive electrodes was performed, 
and furthermore, production of batteries of Working Examples 16 to 25 with a rated flow 
capacity of 580 mAH was performed with the above-mentioned negative electrode and separator 
as described above. For each battery produced above, the charge-discharge cycle test and load 
characteristics test were performed as described above, and the results obtained are shown in 
Table V. 

[0065] As shown in the results of the above-mentioned Table V, each of the composite oxide of 
Working Examples 16 to 25 satisfies the half-band width of the peak of the lithium-nickel 
composite oxide (LiNiC>2) observed at 29=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 
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0.22 degrees when measurement is performed by the powder X-ray analysis where Cu-Ka beam 
is used as the X-ray source satisfying all the following conditions: 0<a<1.2, 0.05<b<0.45, 
0<c<0.45 and 0.05<b+c<0.50, that is, 0.5<l-(b+c)<0.95. 

[0066] Furthermore, when a comparison is made among composite oxides of Comparative 
Examples 1 to 21 shown in Table IV and composite oxides of the above-mentioned Working 
Examples 16 to 25 shown in Table V, superior cycle characteristics and load characteristics can 
be achieved when the composite oxide of Working Examples 16 to 25 is used. As shown in the 
results obtained above, as an element other than Al, elements selected from the group consisting 
of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti can be used effectively as well. Furthermore, 
when a comparison is made among composite oxides of Working Examples 8 and Working 
Examples 16 to 25, superior cycle characteristics and load characteristics can be achieved when 
the composite oxide of Working Examples 8 is used. In this case, higher uniformity is achieved 
with Al in comparison to that of Ni and Mn. 
[0067] 7. Examination of peak ratio 

In production of the above-mentioned composite oxides of Working Examples 1 to 15 and 
composite oxides of Working Examples 16 to 25, a heat-treatment was performed for 20 hours in 
an oxygen atmosphere at a temperature of 750°C, and the change in the peak based on the above- 
mentioned baking temperature was examined. 
[0068] (1) Working Examples 26 to 28 

A heat-treatment was performed for a mixture of the composite hydroxide of Working Example 
8 and lithium hydroxide for 20 hours under an oxygen atmosphere at a temperature of 800°C 
(composite oxide of Working Example 26), a heat-treatment was performed for 20 hours under 
an oxygen atmosphere at a temperature of 850°C (composite oxide of Working Example 27), and 
a heat-treatment was performed for 20 hours under an oxygen atmosphere at a temperature of 
900°C (composite oxide of Working Example 28). 
[0069] (2) Working Examples 29 to 31 
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A heat-treatment was performed for a mixture of the composite hydroxide of Working Example 
24 and lithium hydroxide for 20 hours under an oxygen atmosphere at a temperature of 770°C 
(composite oxide of Working Example 29), a heat-treatment was performed for 20 hours under 
an oxygen atmosphere at a temperature of 790°C (composite oxide of Working Example 30), and 
a heat-treatment was performed for 20 hours under an oxygen atmosphere at a temperature of 
810°C (composite oxide of Working Example 31). 

[0070] Subsequently, with each of the composite oxide produced in the above-mentioned 
Working Examples 26 to 3 1 , production of composite oxide positive electrode was performed as 
described above, and furthermore, production of batteries of Working Examples 26 to 31 with a 
rated flow capacity of 580 mAH was performed with the above-mentioned negative electrode and 
separator as described above. For each battery produced above, the charge-discharge cycle test 
and load characteristics test were performed as described above, and the results obtained are 
shown in Table VI. 
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[0071] 
[Table VI] 



Type of positive 
electrode active 
materia! 


Baking 
temperature (°C) 


Half-band with (°) 


Peak intensity 
ratio 


Number of cycles 
(number) 


Load 
characteristic B/A 


Work Ex. 26 


800 


0.18 


1.2 


170 


0.96 


Work Ex. 27 


850 


0.19 


0.8 


172 


0.95 


Work. Ex. 28 


900 


0.17 


0.5 


159 


0.92 


Work. Ex. 29 


770 


0.20 


1.0 


157 


0.93 


Work Ex. 30 


790 


0.21 


0.8 


169 


0.92 


Work- Ex.31 


810 


0.19 


0.7 


145 


0.90 



[0072] When comparison is made among composite oxide of Working Example 8 and composite 
oxides of Working Examples 26, 27, 29 and 30 having the peak intensity ratio of 0.8 or higher 
and composite oxides of Working Examples 28 and 3 1 having the peak intensity ratio of 0.8 or 
below, a reduction in cycle characteristics and load characteristics is observed even among 
composite oxides having the half-band width of the peak of the lithium-nickel composite oxide 
(LiNiC>2) observed at 29=18. 71±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when 
the measurement is made by powder X-ray analysis where the Cu-Ka beam is used as the X-ray 
source satisfy all the following conditions: 0<a<l .2, 0.05<b<0.45, 0<c<0.45 and 0.05<b+c<0.50, 
that is, 0.5<l-(b+c)<0.95. hi this case, impurities such as Li 2 Ni 8 Oi 0 are formed when the peak 
intensity ratio is 0.8 or below and the crystal structure is adversely influenced; thus, it is desirable 
to use a composite oxide having a value of the intensity ratio of at least 0.8. 
[0073] As described above, the crystal structure is reinforced in the lithium-nickel-manganese 
composite oxide or lithium-nickel-manganese-M composite oxide shown in the structural 
formula Li a Mn b M c Nii_(b+ c )02, (Wherein, M is at least one element selected from the group 
consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and Ti, and at the same time, 0<a<1.2, 
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0.05<b<0.45, 0<c<0.40 and 0.5<l-(b+c)<0.95) and having the half-band width of the peak 
observed at 20=1 8.7 1±0.25 degrees in the range of 0.15 degrees to 0.22 degrees when the 
measurement is made by powder X-ray analysis where the Cu-Ka beam is used as the X-ray 
source. Thus, the cycle characteristics and load characteristics of positive electrodes made of the 
above-mentioned active material can be improved, and furthermore, the cycle characteristics and 
load characteristics of the lithium secondary batteries made of the above-mentioned active 
material can be improved. 

[0074] In the above-mentioned embodiments, first, the coprecipitation process, in which stirring 
is performed for a mixed solution of nickel sulfate and manganese sulfate, or nickel sulfate, 
manganese sulfate and an aluminum sulfate (In this case, instead of an aluminum sulfate, a 
compound containing B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, or Ti may be used, as well) so as to 
change the pH of the mixed solution and precipitation of the composite hydroxide is performed, 
then, a heat-treatment is further performed for the above-mentioned composite hydroxide 
produced and lithium hydroxide to produce the composite oxide. But the present invention is not 
limited to the above-mentioned embodiments, for example, the evaporation drying process can 
be used as well, in which evaporation drying is performed for the mixed solution consisting of a 
solution with a dissolved nickel compound and a solution with a dissolved manganese compound 
or a mixed solution consisting of a solution with a dissolved nickel compound, a solution with a 
dissolved manganese compound and a solution with a dissolved M compound (Wherein, M is at 
least one element selected from the group consisting of B, Al, Fe, V, Cr, Cu, Ga, Ca, Mg, Sr, and 
Ti) so as to produce a composite raw material comprising fine particles of each of the 
aforementioned compounds, and a heat-treatment is performed for the above-mentioned 
composite raw material and lithium hydroxide to produce a composite oxide. 
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